In order to examine ethnic differences in pain sensitivity 51 African Americans (24 men, 27 women) and 55 individuals from Other ethnic groups (primarily Caucasian; 26 men, 29 women) were tested for pain sensitivity to ischemia, heat, and cold pressor tests after both mental stress and rest. Resting and stress-induced blood pressure (BP), plasma norepinephrine (NE), and cortisol were assessed. African Americans had lower pain tolerance relative to Caucasian/Others for all pain tests. Only the Caucasian/Other group showed the expected inverse relationship between BP and pain sensitivity. African Americans exhibited lower cortisol concentrations overall and blunted NE and systolic BP responses to stress. Only in Caucasians/Others was the relationship seen between higher stress-induced BP, cortisol, and NE levels and greater pain tolerance. The results suggest that there are alterations in endogenous pain regulatory mechanisms in African Americans, which may contribute to their greater rate of clinical pain symptoms.
may be due to their measurement of pain intensity as separate from pain unpleasantness, since they did find that African Americans reported their pain as more unpleasant than
Whites. Taken together, the available evidence indicates that African Americans experience more clinical pain than Whites for a variety of chronic pain conditions.
Additionally, African Americans report higher levels of pain associated with AIDS, glaucoma, arthritis, low back pain, and temporomandibular disorders (4) . Studies have demonstrated that experimental pain may be predictive of clinical pain since inverse relationships exist between ischemic pain tolerance in the laboratory and reported clinical pain severity among chronic pain populations (1, 5) . Moreover, a recent longitudinal study showed that in initially pain free females, increased sensitivity to a thermal heat stimulus was a significant predictor for the onset of temporomandibular jaw disorders 3 years later (6) . Therefore, studies comparing African Americans with other ethnic groups during experimental pain stimuli may help to clarify the nature of ethnic differences in clinical pain.
Since laboratory-assessed pain sensitivity has been shown to be predictive of clinical pain (1, 5, 6) , studies comparing African Americans with other ethnic groups for sensitivity to experimental pain stimuli may help to clarify the nature of ethnic differences in the clinical pain experience. In the laboratory, most studies indicate no ethnic differences in pain onset (i.e. pain threshold) but that African Americans have reduced pain tolerance relative to primarily Caucasian samples in response to thermal heat pain (7) (8) (9) , cold pressor pain (7), ischemic pain (7), and pressure pain (10) . A study by Sheffield et al. (11) also indicated that when a thermal heat stimulus of a particular degree was applied to the forearm of participants, African Americans rated the pain from the stimulus as more intense and more unpleasant than did Caucasians. While many studies have indicated these ethnic differences in pain perception, it is still unclear why these differences exist.
Only a small handful of studies have examined biological mechanisms that may contribute to these ethnic differences in pain sensitivity. There is a well-established literature showing that higher blood pressure is associated with higher pain tolerance (eg.
12-17). For example, Zamir and Shuber (13) tested normotensive and hypertensive males for sensitivity to tooth pulp stimulation. Results indicated that pain thresholds were higher in the hypertensive group than in the normotensive group. Additionally, even when the subjects were divided into groups of younger adults and older adults instead of by hypertensive status, there were significant positive correlations between pain thresholds and blood pressure in both groups. These results extend to normotensive individuals as well since Sheps et al. (14) found that when thermal heat pain was applied to the forearm, pain thresholds and pain tolerance were significantly related to mean arterial pressure in both normotensive and hypertensive subjects. In a study by Bruehl et al. (15) there was a significant correlation between systolic blood pressure and the pain rating of pressure applied to the middle finger in normotensives. McCubbin and Bruehl (16) examined relationships between blood pressure and perceived pain of a cold pressor task and a handgrip task following administration of either saline or naloxone, an opioid receptor antagonist. In the saline group there was a significant correlation between higher systolic blood pressure and lower ratings of cold pain; however, there were no significant correlations between blood pressure and ratings of the handgrip pain. No significant correlations were observed between blood pressure and pain ratings for subjects in the naloxone group for either pain test. This implies that the relationship between blood pressure and pain sensitivity may be partly mediated by endogenous opioids since the administration of naloxone abolished the relationship between blood pressure and pain sensitivity. This may mean that the relationship between blood pressure and pain sensitivity is partially mediated by the HPA-axis since β-endorphin, an endogenous opioid, is co-released with ACTH, an HPA-axis hormone. Taken together, these studies demonstrate a robust finding that there is a relationship between blood pressure and pain sensitivity; however, these studies were conducted only in Caucasian participants.
A handful of studies have found relationships between blood pressure and pain sensitivity in samples that include African Americans (11, 17, 18 nonsmokers for sensitivity to ischemic, cold, and thermal heat pain both before and after a speech and math stressor. SIA was only observed for the sample of female nonsmokers, and only in response to the ischemic task, since ischemic pain tolerance times were higher after stress than after stress. In a study by al'Absi et al (25) participants of both sexes were randomly assigned to either a rest or stress condition. The individuals in the stress condition performed a public-speaking task while the individuals in the rest condition simply rested. Subjects then placed their hand in cold water and rated the intensity of the pain that they experienced over a 90 second time period. The participants in the stress group provided lower pain intensity ratings than the participants in the rest group, indicative of SIA. On the other hand, Caceres & Burns (26) found that individuals with high mean arterial pressure reactivity showed decreases in pain tolerance after stress, indicative of stress-induced-hyperalgesia rather than SIA. Thus, while most of the studies suggest evidence for SIA, they were all conducted in primarily if not exclusively Caucasian samples, and to our knowledge, there have been no studies that have investigated the role of SIA in modulating pain perception in African Americans.
The pain modality itself may also moderate ethnic differences in pain sensitivity since different experimental pain tests have been shown to activate different endogenous pain mechanisms. When subjects were injected with either saline or naloxone, an opioid antagonist, prior to undergoing the tourniquet-induced ischemic pain procedure, those who were administered naloxone showed lower pain tolerance time relative to the saline group (27, 28) , suggesting that pain sensitivity to the tourniquet-induced ischemia task is partially mediated by endogenous opioids. Data supporting the idea that cold pressor pain may be mediated by systemic vascular resistance comes from Girdler et al. (24) who found significant relationships between higher vascular resistance index and higher cold pressor pain tolerance, but not ischemic or thermal heat pain tolerance. Thus, sensitivity to tourniquet-induced ischemic pain involves endogenous opioid mechanisms (27) (28) (29) , while sensitivity to cold pressor pain may be mediated by systemic vascular resistance (24) . Most, though not all (7), of laboratory-based studies on ethnic differences in pain perception have employed only a single pain test, such as thermal heat pain (8, 9, 11), pressure pain (10), cold pressor pain (30), or ischemic pain (1), which may limit comparisons across studies. However, Campbell, Edwards, & Fillingim (7) found that, in response to heat, cold, and ischemic pain, African American men and women had similar thresholds to Caucasian men and women, but significantly lower pain tolerance to all tests. Thus, the study of Campbell et al. (7) confirms the robustness of the earlier work documenting reduced pain tolerance but not pain threshold in African Americans. These robust finding for greater pain sensitivity in African Americans to a variety of different pain tests that may differ in endogenous pain regulatory systems suggests that African
Americans are more sensitive to pain and may have different pain regulatory mechanisms than Caucasians.
Catecholamines and cortisol levels may also be related to pain tolerance. Sagen et al. (31) found that increased norepinephrine levels in rats were associated with an increase pain tolerance to the tail flick and hot plate tests. Similar relationships between norepinephrine and pain tolerance have been observed in humans by Girdler et al. (24), with increased concentrations of norepinephrine are associated with increased tolerance to ischemic, cold pressor, and thermal heat pain. Additionally, the same study demonstrated that increased cortisol concentrations are associated with increased tolerance to ischemic pain (24) . Similarly, al'Absi et al. (32) found that higher pain intensity ratings to the cold pressor test were related to lower cortisol concentrations, at least in men. These studies suggest that higher concentrations of catecholamines and cortisol may have analgesic effects in humans.
Consequently, the purpose of this study was to extend the work of Campbell et al. (7) by examining endogenous pain regulatory mechanisms separately in African Americans and Caucasians. Therefore, we sought to examine ethnic differences in the relationship between pain sensitivity and blood pressure, norepinephrine, cortisol, and SIA. These relationships between stress-responsive biological mechanisms (i.e. blood pressure, norepinephrine, cortisol) and pain sensitivity are thought to reflect an integrated response seen during the defense reaction (12) , which refers to the cardiovascular and neuroendocrine changes (such as increases in blood pressure, norepinephrine and cortisol) that occur as the result of stress and are intended to prepare the body for "fight or flight." It was hypothesized that based on evidence for ethnic differences in cardiovascular and neuroendocrine responses to acute stressors that these factors would be especially relevant in examining ethnic differences in endogenous pain regulatory mechanisms.
CHAPTER 2 METHODS
Subjects: Subjects were recruited through newspaper advertisements seeking male and female nonsmokers for a study on pain perception. Of those who responded, 106 met all inclusion/exclusion criteria and constitute the subjects in this report. The subjects were composed of 50 men and 56 women, aged 18 -47 years. Approximately half (n = 51) of the subjects were African American (24 men, 27 women) while the other half (n = 55) included other ethnic groups (26 men, 29 women; 80% Caucasian, 7% Indian, 7% Asian, and 5% Hispanic). Since Indian, Asian, and Hispanic participants comprised such a small percentage of the subjects, preventing adequate power for testing effects separately in these ethnic groups, they were collapsed with the Caucasians to make up the 'Caucasian/Other' comparison group. All of the experimenters were Caucasian men or women, and no systematic effort was made to control for gender of experimenter.
All subjects were medically healthy, with no more than mildly elevated blood pressure (< 160/90 mmHg) as determined during an initial screening session. Only 4 subjects (2 Caucasian/Others and 2 African Americans) had elevated BP, defined as SBP > 135mmHg and/or DBP > 85mmHg. Additionally, subjects were not taking any prescription medication, including oral contraceptives, and not taking any over-the-counter medication on a regular basis (e.g. nonsteroidal anti-inflammatory agents, antihistamines). All women reported regular menstrual cycles. Excluded from participating were subjects with chronic pain conditions (e.g. temporomandibular joint disorder, fibromyalgia, arthritis) and those exhibiting signs of depression or anxiety. Individuals with Hamilton scale (33) depression ratings greater than 7 (indicating mild depression) or anxiety ratings greater than 9
(indicating symptoms of anxiety) were excluded.
The protocol was approved by the institution's Institutional Review Board and all subjects provided informed, written consent prior to participating. Subjects received $500 compensation.
Procedures
In order to minimize any influence that novelty of exposure to the laboratory and pain testing apparatuses would have on pain perception, during an initial screening session subjects were shown the laboratory and the pain testing equipment, subjects had the procedures described to them and then underwent a preliminary thermal pain threshold assessment. Women were tested at one of three points in their menstrual cycle (early follicular, n = 20; late follicular, n = 20; luteal n = 16) in randomized order, with phase of cycle subsequently confirmed using serum estradiol and progesterone concentrations. and cortisol.
The Trier Social Stress Test (TSST):
A modified version of the TSST was employed (to include serial addition as opposed to serial subtraction). The TSST is a stress test that reliably induces large and consistent HPA and cardiovascular responses (34) (35) (36) . The TSST involved the following components: 1) Pre-Task Instructions (5 min) during which time subjects are introduced to the 'selection committee' who would listen to their job talk.
Subjects were also given the instructions for the mental arithmetic task; 2) Speech Preparation Period (5 min): during which time subjects were left alone to prepare their talk;
3) Job Speech (5 min): immediately following the preparation period, the selection committee returned to the testing room and asked the subject to deliver his/her talk describing to the committee why s/he would be the perfect applicant for the position. If the subject finished before 5 minutes, the committee responded in a standardized way, with prepared questions to ensure that the subject spoke for the entire period. Talks were taperecorded and subjects had the opportunity to earn up to $10 based on the committee's ratings of their speech. Blood pressures were taken at minutes 1, 3, and 5 of speech, and blood was sampled for plasma NE at the end of minute 2; and, 4) Paced Auditory Serial Addition Test (PASAT; 37) (8.5 min): involves the tape recorded presentation of numbers from 1-9.
Subjects add each number presented on the tape to the immediately preceding number and to state the answer aloud. There are four series of numbers, with progressively shorter interdigit intervals. The experimenter remained in the room to monitor performance. Subjects had the opportunity to earn up to $10 based upon total number of correct additions. Blood pressure was taken once each series, and blood was sampled for plasma NE at the end of minute 2.
Stress Recovery (10 min): Subjects rested quietly alone. Blood was sampled at the end of this period in order to capture the delayed plasma cortisol response to the TSST (33, 34) .
Pain Testing Procedures: Immediately after the recovery periods that followed both the TSST and the rest control period, subjects were exposed to the three different pain tests. One of three task orders (i.e., 1-tourniquet, thermal, cold; 2-thermal, cold, tourniquet; or 3 -cold, tourniquet, thermal) was randomly assigned to each subject, ensuring that equal numbers of men and women and African Americans and Caucasian/Others received each of the three orders.
The Submaximal Effort Tourniquet Procedure: In this procedure, as described previously (38) , a tourniquet cuff was positioned on the subject's arm and the arm placed to the side.
Prior to inflating the tourniquet cuff to 200 mmHg (Hokanson E20 Rapid Cuff Inflator), the subject's arm was raised for 30 seconds to promote venous drainage, and then the cuff was inflated, the experimenter's stopwatch started, and the arm returned to the side. To promote forearm ischemia, subjects engaged in 20 handgrip exercises at 30% of their maximum force with an inter-squeeze interval of 2 sec. Subjects were instructed to indicate when the sensations in their arm first became painful (pain threshold) and when they were no longer willing or able to tolerate the pain (pain tolerance). A maximum time limit of 20 min was enforced, though subjects were not informed of this limit.
Hand Cold Pressor:
The apparatus for the cold pressor consisted of a container filled with ice and water that was maintained at 4º C as recorded immediately prior to initiating the test.
The use of a water circulator prevented the water from warming near the subject's hand. At the onset of the test, subjects were instructed to submerge their hand to the marked line on their wrist and to remain still. Subjects were instructed to indicate to the experimenter when the sensations in their hand first became painful (pain threshold) and to also indicate when they were no longer willing or able to tolerate the pain by saying 'stop' (pain tolerance). A maximum time limit of 5 min was imposed, though subjects were not informed of this limit.
Thermal Heat Pain Testing: Thermal heat pain threshold and tolerance were determined by an ascending method of limits using a 1-cm diameter contact thermode with the capability for a rise time of 10º C/ sec. The thermode was controlled by a personal computer, and thermal probe applied to the left volar forearm. During the pain testing, an adapting temperature of 38º C was maintained for 10 sec. Then, the temperature increased directly to 41.5º C and from that point on increased 0.5º C every 5 sec until it reached 53º C or until the subject reached his/her tolerance. To determine thermal pain onset (threshold), subjects were instructed to press a mouse button (which terminated the stimulus) when the thermal percept first became painful. This was repeated three times and averaged to calculate thermal pain thresholds. Then, three series to determine average thermal pain tolerance were conducted by instructing the subject to press a mouse button when they were no long able to tolerate the 
Hormone and Neuroendocrine Assays:
Plasma cortisol was determined using radioimmunoassay (RIA) techniques (ICN Biomedical, Inc.). The sensitivity of the assay is 0.07 µg/dL, and the specificity high, showing 0.05-2.2% cross-reactivity with most similar compounds. Plasma Norepinephrine concentrations were determined using the high performance liquid chromatography (HPLC)
technique. The lower limit of quantification with this system is 25 pg/ml, and the intra-and inter-day coefficients of variation are less than 10%.
Data Reduction and Analyses
Our first analytical strategy involved comparing groups for differences that existed in demographic and baseline measures. For each dependent measure, a 2(Gender) x 2 (Ethnicity) analysis of variance (ANOVA) was employed. Next, we examined differences in pain sensitivity. Initial analyses confirmed expected gender differences in all three pain tests, with men having higher pain thresholds (Fs (1,101) = 9.12 to 12.61, ps < .01) and pain tolerance (Fs(1,101) = 9.37 to 24.63, ps < .01). Additionally, as expected, women had lower baseline and stress BP, NE, and cortisol concentrations than men (Fs (1,87) = 4.48 to 51.83, ps < .05). There were no Gender x Ethnicity interactions for any dependent variable.
Therefore, for analytical simplicity, gender was not considered further in the model as an independent variable. Thus, we examined differences in pain threshold and tolerance separately for each pain test, using a 2(Ethnicity) x 2(Time Point: Threshold/Tolerance) x 2(Stress/Rest) repeated measures ANOVA, with Threshold/Tolerance and Stress/Rest as repeated factors. Where significant interactions emerged, subsequent simple effects analyses were conducted in order to explore those effects.
We then examined ethnic differences and stress effects for neuroendocrine variables.
A 2(Ethnicity) x 2 or 3(Condition: Baseline, Stress; 3 time points for BP and NE, 2 time points for cortisol) ANOVA was used. As before, subsequent simple effects analyses were employed to examine significant interactions.
In order to investigate relationships between physiological measures and pain sensitivity, a series of Pearson product moment correlational analyses were employed. To reduce Type I error rates, we focused exclusively on differences between African Americans and Caucasian/Others, collapsing across gender, and focused exclusively on baseline and the speech stressor.
CHAPTER 3 RESULTS

Demographic and Baseline Characteristics
As summarized in Table 1 , the groups did not differ in age or resting heart rate, though African Americans had higher BMIs (F(1, 105) = 6.97, p < .01) 1 . As expected, when compared with women, men had higher SBP ( F(1, 104) = 24.57, p < .0001) and higher DBP (F(1, 104) = 6.15, p < .05).
There were ethnic differences in education, since African Americans were more likely than Caucasians/Others to have attended some college but not receive a degree (18/51 vs. 10/55; χ .001). In order to explore this interaction, simple effects analyses were conducted separately for pain threshold and tolerance. These analyses revealed that following both stress and rest African Americans had lower pain tolerance than Caucasian/Others (F(1, 102) = 2.62, p = .10), while no ethnic differences existed at threshold. There was no evidence for SIA during ischemic pain testing in either ethnic group.
Cold Pain
Threshold and Tolerance: Similar to the ischemic pain task, a Time Point x Ethnic interaction also emerged (F(1, 102) = 7.48, p < .01). African Americans were more sensitive to cold pain at tolerance (F(1, 103) = 7.92, p < .01) but not at threshold (see Figure 2) , and this was evident after both stress and rest. For neither ethnic group was there evidence of SIA during cold pain testing.
Thermal Heat Pain
Threshold and Tolerance: Similar to the ischemic and cold pain tests, there was a trend for a
Time Point x Ethnic interaction (F(1, 102) = 3.44, p < .07). African Americans had lower heat pain tolerance (F(1, 102) = 5.00, p < .05), but not threshold (see Figure 3) . Again, stress vs. rest did not influence these results. For neither ethnic group was there any evidence for SIA during thermal heat pain testing.
Cardiovascular and Neuroendocrine Reactivity to Stress
Blood 
Perceptions of Stress:
Following the stress tasks, participants were asked to rate each the speech and math tasks on four dimensions: 1) how difficult the task was; 2) how tense they felt during the task; 3) their ability to concentrate during the task; and 4) how much effort they put into the task. Analyses indicated that there were no ethnic differences in the ratings of dimensions listed above for the speech task (Fs(1, 104) = 0.38 -1.37, ps > .10) or the math task (Fs(1, 104) = 0.21 -2.17, ps > .10).
Relationship of Physiological Variables to Pain Sensitivity
Blood Pressure: As summarized in Table 2 , only Caucasian/Others showed the expected positive correlations between baseline SBP and pain tolerance (rs = +.30 to +.50, ps < .05) and stress SBP and pain tolerance (rs = +.32 to +.49, ps < .05), regardless of whether testing followed stress or rest. For African Americans, there was no evidence that baseline or stress SBP related to pain sensitivity (rs = -.14 to +.11). Correlations relating SBP reactivity (speech stress-baseline) and pain tolerance values were also conducted post hoc. SBP reactivity was significantly correlated with pain tolerance in the thermal task only in the Caucasian/Others sample (rs = +.38, p < .01), but not in the African Americans (rs = -.14 and -.23). For neither group were any robust relationships observed involving DBP levels or reactivity and pain sensitivity .
For the significant correlations involving SBP and pain sensitivity (Table 2 ), group differences in the magnitude of correlation coefficients were examined using Fisher's r to z transformation. These analyses revealed that the correlation coefficients relating baseline SBP to pain tolerance were significantly greater in Caucasians/Others than African Americans for both the tourniquet and cold pressor tasks following rest and stress (zs= -3.4
to -1.8, ps < .05) and tended to be higher for the thermal task following rest (z = -1.3, p < .10). The correlation coefficients relating speech stress SBP and pain tolerance were significantly greater in Caucasians/Others than African Americans for the tourniquet and thermal tasks following both rest and stress (zs = -3.3 to -2.5, ps<.01), and tended to be higher for the cold pressor following both rest and stress (z = -1.4 and -1.3, ps < .10).
Norepinephrine: There was little evidence that baseline NE correlated with pain sensitivity in either group, though African Americans showed unexpected negative and potentially spurious correlations involving baseline NE. Greater stress NE concentrations were related to higher pain tolerance to all three tests, but only in Caucasian/Others (rs = +.28 to +.35, ps < .05), while this relationship was absent in African Americans (rs = -.22 to -.11).
Additionally, NE reactivity to speech stress was positively correlated with pain tolerance to the cold pressor task following both rest and stress (rs = +.34 and +.38, ps < .05), as well as thermal heat pain tolerance following rest (r = +.32, p < .05) in Caucasian/Others, but not in African Americans (rs = -.19 to +.27).
Fisher's r to z transformation analyses confirmed that for all three pain tasks, following rest and stress, Caucasians/Others had significantly greater correlation coefficients relating stress NE to pain tolerance (z = -2.3 to -1.8, ps < .05). Correlation coefficients relating NE reactivity to pain tolerance to the cold pressor task and thermal task were significantly larger for Caucasians/Others than African Americans (z = -2.3 to -1.9, ps < .05)
following both rest and stress.
Cortisol: Similar to effects seen for NE, baseline cortisol was not correlated with any pain tolerance measure for either group (see Table 2 ). However, greater stress cortisol levels were positively correlated with greater pain tolerance to the cold and thermal pain tests, but again this relationship was seen only in Caucasian/Others (rs = +.30 to +.38, ps < .05). No relationship between stress cortisol and pain tolerance was observed in African Americans (rs = -.07 to + .15). In Caucasians/Others there was a significant positive correlation between cortisol reactivity to stress and pain tolerance but only during thermal heat pain following rest and stress (r = +.28 to +.29, ps < .05). For the African American group there were no significant correlations between cortisol reactivity and pain tolerance (rs = -.04 to +.10).
Although the correlations were significant in Caucasians/Others but not in African
Americans, Fisher's r to z transformations failed to reveal any significant differences between Caucasians/Others and African Americans in the magnitude of the correlation coefficients relating cortisol to pain tolerance.
CHAPTER 4 DISCUSSION
The results of our study are consistent with previous findings that African Americans are more sensitive to experimental pain relative to primarily Caucasian samples (7) (8) (9) (10) (11) , but extend these prior results by identifying potential alterations in endogenous pain regulatory mechanisms in African Americans. An alternative, though not mutually exclusive explanation for the absence of any BPrelated hypoalgesia in African Americans, stems from our prior research documenting that plasma NE concentrations mediate the relationship between SBP and ischemic as well as cold pain tolerance in a primarily Caucasian sample of men and women (24) . Thus the blunted NE stress response that we observed in the African Americans may be a contributing factor to the absence of any BP-pain sensitivity relationship in that group.
There was also a striking absence of expected relationships involving plasma NE and cortisol concentrations and pain sensitivity in the African Americans that was observed in the primarily Caucasian group; and which has also been documented in other primarily
Caucasian samples (24, 32) . Although the absence of these relationships remains unexplained at present, the blunted NE response to stress and lower cortisol concentrations at While we observed that greater pain sensitivity in African Americans was true only for pain tolerance and not threshold, and this is consistent with other reports (7, 9) , the reasons for this finding are currently unknown. It has been suggested that differences in tolerance reflect the affective-motivational dimensions of pain (3, 7, 9, 11, 44) , while differences in threshold reflect sensory-discriminative aspects (44) . Thus, in addition to alterations in biological pain regulatory mechanisms, there may be ethnic differences in psychosocial factors that influence the affective motivational dimensions of the pain experience. It is well established that African Americans experience more psychosocial stress than Caucasians, including racism and bigotry (42) , and experience more chronic stress, such as unemployment, poverty, lower social status, and substandard housing (42, 45) .
Thus, we hypothesize that greater chronic stress in African Americans may differentially influence affective/motivational factors that impact the experience of pain. This supposition is supported by animal models showing that chronic stress produces long-term increases in pain sensitivity to noxious stimuli (46) .
Relatedly, while blunted SBP and NE reactivity to stress and lower cortisol levels seen in the African Americans in the present study may at first seem paradoxical since it has been shown that African Americans exhibit increased cardiovascular reactivity to laboratory stress (eg. 42), other studies have found that greater cardiovascular and NE reactivity to stressors in African Americans may reside exclusively in African American men (21, 47) .
Thus, the absence of greater stress reactivity in the present sample of African Americans may reflect our decision to combine the responses of men and women within ethnic groups. An alternative explanation stems from other studies documenting that individuals with higher levels of chronic stress exhibit lower levels of NE in response to acute stress (48) , suggesting that chronic stress may diminish the ability of the individual to respond to new challenges (49) . Therefore, the blunted SBP and NE reactivity to stress that we observed in the African
Americans may be related to their higher prevalence of chronic stress, though this is a
hypothesis that remains to be tested.
It is of interest that we found no evidence for SIA in any group. This cannot be explained by failure of the protocol to elicit a stress response since all subjects showed significant increases in blood pressure, NE, and cortisol in response to the stressors. The failure to observe SIA in African Americans may be related to their blunted BP and NE stress response. However, it was surprising that we did not observe SIA in the Caucasian/Other sample, especially since they showed positive correlations between stress-induced SBP, NE, and cortisol and pain tolerance following stress. One possibility for our inability to detect any evidence for SIA may be related to the time course of events. Since pain testing occurred 10-minutes after the cessation of stressors, the possibility exists that recovery of cardiovascular and neuroendocrine levels prevented us from detecting SIA. Another potential explanation is that SIA may not be a particularly robust phenomenon in humans, at least under laboratory conditions. Indeed, while some laboratory studies in humans have documented SIA (17, 25) others have found it in only subgroups of individuals (24) , and at least one study found that participants were more sensitive to pain following stress testing (50) . Thus, future parametric research on laboratory-induced SIA in humans is indicated.
In conclusion, the results of our study suggest that decreased tolerance to experimental pain in African Americans is due, in part, to alterations in endogenous pain regulatory mechanisms. As such, our results may have implications for biological mechanisms contributing to the greater rates of clinical pain in African Americans. We must acknowledge certain limitations to our study, however. The generalizability of the results may be limited by the stringent exclusionary criteria and resulting homogeneity of the study sample. This is especially true regarding the exclusion of individuals with hypertension since hypertension rates are greater in African Americans (22) . Thus, our findings for altered pain regulatory mechanisms in African Americans may not generalize to a substantial subset of African Americans with hypertension. Our findings may also not generalize to African Americans with mood disturbance or chronic pain disorders, conditions for which alterations in pain sensitivity and endogenous pain regulatory mechanisms have been documented in primarily Caucasian samples (51, 52) . Future studies designed to investigate ethnic differences in psychosocial factors and pain perception, and whether alterations in biological pain regulatory mechanisms mediate the link between greater life stress and greater pain sensitivity in African Americans are needed to further our understanding of ethnic differences in the experience of pain. 
